Invasive fungal infections (IFIs) are a major cause of morbidity and mortality in paediatric leukaemia patients. Prolonged and severe neutropenia is a risk factor for IFIs in these patients. The mortality with IFIs has been high even with timely initiation of antifungals. Resistance to the available antifungals is being increasingly encountered, making these patients more vulnerable. Fluconazole resistance is common in non-Candida albicans. Echinocandin and azole resistance is also on the rise in infections with Candida glabrata. Aspergillus fumigatus which can cause severe invasive infections in the immunocompromised patients is increasingly showing azole resistance worldwide. This has triggered the search for new approaches for the treatment of these infections such as the use of antifungal combinations. Antifungal combinations have not been studied in detail for paediatric oncology patients in relation to their efficacy, toxicity and feasibility of administration. We present our experience with the use of combination antifungals as a means of salvage in paediatric leukaemia patients with IFIs.
introduction
Invasive fungal infections (IFIs) are a major cause of morbidity and mortality in paediatric leukaemia patients. Prolonged and severe neutropenia is a risk factor for IFIs in these patients. The mortality with IFIs has been high even with timely initiation of antifungals. Resistance to the available antifungals is being increasingly encountered, making these patients more vulnerable. Fluconazole resistance is common in non-Candida albicans. Echinocandin and azole resistance is also on the rise in infections with Candida glabrata. Aspergillus fumigatus which can cause severe invasive infections in the immunocompromised patients is increasingly showing azole resistance worldwide. This has triggered the search for new approaches for the treatment of these infections such as the use of antifungal combinations. Antifungal combinations have not been studied in detail for paediatric oncology patients in relation to their efficacy, toxicity and feasibility of administration. We present our experience with the use of combination antifungals as a means of salvage in paediatric leukaemia patients with IFIs.
mAteriAls And metHods
The case records of 197 patients aged <16 years admitted to the Division of Pediatric Oncology of the All India Institute of Medical Sciences, New Delhi, India, between January 2016 and July 2017, with a diagnosis of a haematological malignancy, were reviewed retrospectively. The study and data accumulation were carried out as per the institute's ethical committee standards.
A total of 14 patients who fulfilled the following inclusion criteria were enrolled in the study: (i) a diagnosis of proven, probable or possible IFI according to European organisation for research and treatment of cancer/Mycosis study group (EORTC/MSG) Consensus Group recommendations 2008 [1] and (ii) treatment with a combination of antifungal agents.
The criterion for addition of the second antifungal was failure in improvement of the general condition of the patient even after 7 days of addition of the first antifungal drug or a deterioration in the clinical condition after the addition of the first antifungal at any time point that was not attributable to an alternative cause.
Favourable responses were defined as definitive improvement of associated clinical signs and symptoms with complete or partial response of all radiographic evidence of fungal infection.
of 70 mg/m 2 /day on day 1 followed by 50 mg/m 2 /day with a capping dose of 70 mg/day. Drug-level monitoring was not done due to non-availability. All patients completed 4-6 weeks of antifungal therapy. Antifungal therapy was stopped in these patients if they were asymptomatic, had demonstrated absolute neutrophil count recovery, the imaging showed healing of the lesions and if galactomannan had become negative (if positive initially). Four patients out of the 14 died [ Table 2 ]. Of the ten patients who survived, one died later due to progressive leukaemia. Of the ten patients who were discharged initially, three were discharged on intravenous caspofungin which they got on a day-care basis, and the rest on oral voriconazole.
discussion
IFIs lead to significant morbidity and mortality in paediatric cancer patients. The degree and duration of neutropenia are of prognostic significance in cancer patients with IFI. [2] Martin et al. found that, in the USA, the incidence of fungal sepsis in these patients increased by approximately 200% between 1979 and 2000. [3] Mor et al. found the incidence of IFIs to be about 7.2% among 1047 children diagnosed with malignancies between 1998 and 2006, and the causative organism was Candida in 20% and moulds in 60%. [2] Aspergillus species have emerged as an important cause of IFIs. Pneumonia is the most frequent clinical manifestation of these opportunistic fungal infections, and other manifestations include sinusitis and deep-seated abscesses such as brain abscesses. [4] Early initiation of antifungal therapy is crucial because delay is associated with increased mortality. [5, 6] Despite timely antifungal therapy, IFIs may have dismal outcomes. Mortality related to IFI has been high varying from 43% to 87% in various studies. [7] [8] [9] A cause-specific mortality due to IFI of 35% has been found in patients of acute leukaemia. [10] This has led to the development of new strategies in their management, such as immune therapies and nanoparticle formulations of antifungal agents. The benefits of the use of combination antifungals as a strategy to manage these patients have not been explored much. In vitro and animal studies have demonstrated synergistic effects of combining a triazole (itraconazole, voriconazole or posaconazole) or amphotericin-B with an echinocandin (caspofungin, micafungin or anidulafungin). [11] The benefits of combination antifungals for IFI are increased drug synergy and efficacy and decreased resistance to antifungal drugs. [12] Mor et al. had found an increased association of IFIs with acute myeloid leukaemia in comparison to acute lymphoblastic leukaemia, and 80% of these were due to moulds, out of which 55% were due to non-Aspergillus species. [2] Observations in our group of patients were similar [ Table 2 ]. All of our patients received combination antifungals. The overall mortality attributable to IFI for the group was four out of 14 (28%).
Evidence for the use of combination antifungals is emerging. Marr et al. recently found evidence favouring combination therapy All other responses were classified as unfavourable. The Aspergillus enzyme-linked immunoassay was used to detect the galactomannan antigen. Results with a galactomannan index of 0.5 or greater were reported as positive.
The categorical variables were presented as frequency (percentage). The continuous data were presented as mean ± standard deviation for normally distributed data and as median for skewed data.
results
Fourteen patients with proven, probable or possible IFI received combination antifungals. The baseline characteristics of the patients are summarised in Table 1 . Two patients had proven IFIs, nine had probable IFIs and three had possible IFIs. The clinical and investigational parameters of the patients are presented in Table 2 .
Thirteen patients were started on empirical therapy with liposomal amphotericin-B, out of which, in two, it was changed to caspofungin due to the side effects of amphotericin-B (patient no. 8 and patient no. 10). In one patient (patient no. 14), voriconazole was used as the initial antifungal as this child had hypokalaemia at that time in nine patients, voriconazole was added as the second antifungal, in four, it was caspofungin and for the patient who was on voriconazole, upfront amphotericin-B was added. In two patients, there was evidence of hepatic dysfunction (transaminitis) due to which caspofungin was added as the second antifungal rather than voriconazole although galactomannan was positive in them (patient no. 5 and patient no. 9). The same brand of drugs were used for all the patients, and it was obtained from the hospital's pharmacy. Liposomal amphotericin-B was given at a dose of 3-5 mg/kg/day; voriconazole was administered at a dose of 9 mg/kg/dose, 12 hourly and caspofungin at a dose [13] Panackal et al. in a systematic review and meta-analysis to compare mould-active triazoles or lipid amphotericin-B plus an echinocandin to non-echinocandin monotherapy for acute invasive aspergillosis found improved 12-week survivals and success with combination antifungals, for salvage treatment of invasive aspergillosis. [14] Similarly, Yilmaz et al. in 19 episodes of IFI in 17 children found that, with combination antifungals, there was a favourable response rate of 68.4% and a 12-week survival of 75% without any serious side effects. [15] In the Combistrat randomised pilot trial on adults, Caillot et al. found more favourable responses with lesser side effects with amphotericin-B and caspofungin combination compared to high-dose monotherapy. [16] Cesaro et al. used caspofungin-based antifungal combination therapy on forty children and adolescents and reported a favourable response in 53% of the patients and a 100-day survival rate of 70%. [17] Retrospective studies on adults have found that the combination of caspofungin and amphotericin-B is well tolerated and can be administered safely to high-risk patients with haematological malignancies. However, contrary to the above observations, a retrospective study by Mihu et al. involving 159 adult patients with haematological malignancies and invasive aspergillosis showed that the combination of amphotericin-B and an echinocandin did not offer any advantage in terms of improving response or reducing mortality. [18] [19] [20] Combination antifungals have been found to be effective in the subset of patients with invasive aspergillosis that are galactomannan positive. Its role in refractory fungal infections is worth exploring in the context of these preliminary studies. In settings where drug levels are not available or there is suspicion of drug resistance, combination antifungal therapy is an attractive alternative. Toxicity with echinocandins is lesser compared to other groups, and this makes it a good option for a broader antifungal coverage in the setting of a poor response. [14] The use of combination antifungals carries the risk of increased adverse effects and escalation in the cost of care. Combination antifungals could be used in refractory IFIs in case antifungal resistance is suspected or as an empiric broad-spectrum cover followed by rapid de-escalation after pathogen identification. More studies and trials needed to establish their role in the algorithm of management of IFIs in paediatric oncology practice.
conclusions
IFIs are an important cause of mortality and morbidity in paediatric leukaemia patients, and Aspergillus species are the predominant cause. Invasive fungal pneumonias are the most common manifestation in these children. Combining antifungal drugs is a feasible and effective way to salvage non-responders to antifungal monotherapy. More trials and studies are needed to determine whether these drug combinations could be used upfront in IFIs.
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